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RIPOST is a decision support tool dedicated to drinking water treatment plant operators
developed to anticipate the consequence of a spill upstream a drinking water treatment plant
intake. As a decision support tool, it must fulfil operational needs: ease of use for operators, fast
numerical computations and relevant decision support information for crisis management and
communication with authorities. A numerical pollutant spill and transport model has been
implemented by using integrated Eulerian method under the TELEMAC2D software instead of
the 1D model previously used. It computes the transfer time and the transverse concentration
gradient evolution along the river and gives results for decision making such as: transfer time,
maximum concentration and alarms based on concentration thresholds at the water intake.
INTRODUCTION
In France, less than 5 % of the drinking water intakes are from rivers and lakes but they
represent 33 % of the volume produced. For the Paris region, the part of surface water used to
produce drinking water is nearly 100 %. The Syndicat des Eaux d’Ile de France (Drinking
Water Authority) supplies more than 4 million inhabitants thanks to drinking water treatment
plants around Paris pumping from three different rivers: Seine, Marne and Oise. In such densely
populated area, accidental pollution could hamper significantly drinking water supply. Hence,
the river water quality is on-line monitored thanks to early warning stations upstream water
intakes. To strengthen the decision support system, numerical modelling tools were designed,
implemented and used to simulate the pollutant spill transfer to the water intake. At the
beginning of the 80’s, the decision support tool called DISPERSO was based on 1D river
modelling. Three decades after this first version deployment, two-dimensional (2D) numerical
model can be run within a reasonable Central Processing Unit (CPU) time. The implementation
of such a model will allow taking into account specific pollutants, such as hydrocarbons.
The objective of this paper is to explain the methodology used to build such a 2D model, and
make comparisons with real tracing cases based on residence time distribution analysis
resulting from process engineering, to show how it can be relevant with a reasonable CPU time.

PROBLEM STATEMENT AND BACKGROUND
In the beginning of the 80’s, the tool DISPERSO was developed by Compagnie Générale des
Eaux (today Veolia Water) and the Syndicat des Eaux d'Ile de France and the Seine-Normandie
Water Agency. This tool helps drinking water treatment plants operators to anticipate accurately
the fate of accidental pollution spill for crisis management and communication with authorities.
It numerically solves advection-dispersion equation by finite differences method in one
dimension first (Brignon et al. [1]). In its latest version, the hydrodynamics is calculated by a
tube current model (pseudo-2D) (Even et al. [2]). In 2006, the user interface was improved and
a dedicated pseudo-2D tool for small rivers was developed (Gogien et al. [3]).

Figure 1. RIPOST results GUI : visualization of the pollutant plume, pollutograph, extreme
concentration values.
To upgrade DISPERSO from pseudo 2D to full 2D, a new user interface was designed and
developed. It uses a modelling suite available on the market such as the TELEMAC2D
modelling system (Hervouet [4]). This tool, called RIPOST has a dedicated and friendly
Graphical User Interface (GUI) similar to DISPERSO. As was the case for DISPERSO,
RIPOST must be usable by engineers or technicians on duty. Thus, the numerical computation
is taking into account few parameters: location, duration, volume and pollution concentration.
Thanks to a computation time compatible with crisis management, the tool provides transfer
time and pollutant concentration so that the operator can make a decision on time (see Fig. 1). It
also enables to define point of interest (water intake, dam, sluice, bridge) and the spill location
on a map and using river mileage, called PK. The GUI also allows adding new river models.
MATERIALS AND METHOD
Example of modeled River: Seine
The drinking water plant of Choisy-Le-Roi is located on the left bank of the Seine at PK 156.7,
upstream of Alfortville sluice. There are a large number of sites potentially at risk in terms of
pollution on the Seine: factories, waste water treatment plants, airport, highways, railways etc.

The choice of modeling section was made based on these sites, but also based on available data
(water height, flow rate, bathymetry...).
The model, which extends from the Champagne-sur-Seine sluice to Alfortville one, is 78 km
long and contains 5 other sluices (see “S” point on Fig. 2).
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Figure 2. Extent of Seine model, "S" points represent sluices (from Google Earth).
Mathematical theory
Shallow water equations are used when the horizontal scale of the flow (L) is very large
compared to the vertical scale (h), i.e. h / L «1.
To obtain these equations, the Navier-Stokes equations for incompressible fluid with a
hydrostatic pressure of hypothesis are averaged vertically (Thual [5] , Vidal [6]):
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With
, : longitudinal and transverse velocities defined from the vertical average of
time-averaged velocity
F et F : external forces (Coriolis, wind drag...)
ν
ν  ν! : effective viscosity, with ν molecular viscosity and ν! eddy viscosity.
Determining the value of " is made via the model called #  $ (Hervouet [4]).
Because river turbulence is mainly due to vertical gradients (Florens [7]), it is necessary to
model the wall friction with a parameterization. One used in this model is the Strickler law:
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With a Strickler parameter K of 40 which is a typical value for this kind of river (Negrel et al.
[8]).
The dispersion equation of a passive tracer is:
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With
T : vertical averaged tracer concentration
ν4 : diffusion parameter, function of effective viscosity ν
S4 : source/sink of tracer
Numerical model

Figure 3. Examples of mesh (a) close to bridge piers (b) at a sluice.
In the case of long river modeling, areas without strong gradient are meshed with elongated
triangles (Fig. 3a). This is a typical meshing method of the free surface modeling. On the other
hand, the grid resolution is increased around areas with high gradients, such as bridge piers for
example (see Fig. 3a). A particular care was taken in smoothing the connections between these
two kinds of mesh, in order to have stable simulation (Nouri et al. [9]).
To model sluice areas, the navigable part (narrow channel on Fig. 3b) was modeled to ensure
continuity of the model but closed (no water flow inside). The dam part (large channel on Fig.
3b) is modeled with two liquid boundaries: one upstream where the water height is imposed and
one downstream where the flow rate is imposed. The Seine is a waterway; these dams are used
to maintain a free surface almost at the same level regardless of the flow conditions. It is
therefore very important to ensure that the dam hydraulic conditions are here met during
simulations.
Calculations were made using the TELEMAC2D modeling system (Hervouet [4]).
RESULTS AND DISCUSSIONS
Simulation results

Figure 4. (a) Water depth height in meters and velocity vectors field at the railway bridge of
Vigneux-sur-Seine, (b) Tracer concentration in mg/m3 in the city of Melun.
The steady state of the river flow is considered to be obtained when the water depth and the
flow rate are stable and equal to those applied at the dam liquid boundaries.

On Figures 4a and 4b, are represented respectively the water depth with the velocity vectors
field and the concentration in tracer.
It can be observed that the hydrodynamics is pretty well described. Dead zone are observed
downstream the bridges piers (see Fig. 4a), and the maximum concentration is observed on the
outer bank when the tracer pass through a meander, due to secondary currents on the first kind
(see Fig. 4b).
Comparison with real tracing case using rhodamine B
With the hydraulic conditions of the Seine at the tracing injection time, it was possible to
simulate the same hydraulic initial situation from the model.
Usually, time evolutions of pollutant concentration are compared without any normalization.
However, the quality or lack of bathymetry data that were used in the numerical model
construction, the mesh resolution, the model stationary state of the model, coupled with large
uncertainties in measurements made in situ, it is difficult to compare relevantly the results.
Therefore, in this study, it was decided to use the residence time distribution analysis in a
reactor, resulting from process engineering (Villermaux [10]).

Figure 5. Normalized residence time distribution 7686 at (left to right : upstream to
downstream) Soisy-sur-Seine, Ris-Orangis, Viry-Châtillon and Vigneux. Tr is for tracing
measurements and Sim for simulation results.
This statistical approach considers an element of fluid as it enters the system and which
measures the time it takes to reach the exit. If the experiment is repeated or considering multiple
items at the same time, the results found are not identical. The main causes of this difference are
the existence of stagnant zones or short circuit. A residence time distribution therefore can be
established 9:
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From the residence time distribution definition, it is possible to define a characteristic time of
the flow, the mean residence time t̅, defined by:
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To compare tracing measurements (Tr on Fig. 5) and simulation (Sim on Fig. 5) results,
residence time distributions are shown normalized, i.e. AtEt versus normalized time tCt̅ on
figure 5, as recommended by Villermaux [10].
Tracing measurement curves displays fluctuations for long times before the tracer totally
disappears. This is maybe due to the tracer release intermittently to the main flow from
recirculation or river banks. The numerical model does not correctly simulate the tracer release,
which may explain the relatively small differences between the different curves. Results on
figure 5 also point out some differences on the maximum values in the transverse direction,
maybe due to the model approximations cited before coupled with uncertainties on tracing
values.
To characterize the tracer transfer, intermediate times D and the hydraulic residence time E ,
which is the ratio between the water volume F between two river sections and the flow
discharge G calculated from the numerical model, are defined:
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To now compare transfer times, the normalized values of )= , J , K= and L= , the time
corresponding to the maximum of residence time distribution, are given in table 1. It should be
noted that these times were calculated from the curves presented in figure 5. Uncertainties on
tracing values can be relatively high, because of the poor resolution and the noise of the
measurement curves.
Table 1. Hydraulic time and normalized specific times ,̅ )= , J , K= and L= .
)=
J
K=
C̅
C
C
C
E
E
E
E
E
(in s)
Tr
Sim
Tr
Sim
Tr
Sim
Tr
Sim
Soisy s/ Seine
6750 1.15 1.32 0.98 1.40 1.21 1.52 1.16 1.42
Ris-Orangis
14650 1.09 1.18 1.00 1.19 0.99 1.25 1.07 1.28
Viry-Chatillon 19600 1.23 1.26 1.10 1.18 1.16 1.23 1.21 1.26
Vigneux
36000 1.04 1.09 0.95 1.09 0.98 1.13 1.00 1.12

L=
C
E
Tr
Sim
1.52 1.86
1.30 1.50
1.48 1.48
1.25 1.29

Regarding ̅ , )= , K= , t M , and L= normalized values in table 1, it can be noted that the
values from in situ measurements and those from simulations are generally of the same order of
magnitude with a systematic delay for the simulated values. These differences show that the
numerical model is too conservative and not as diffusive as the real river can be. In the case of


the simulation, the values of JC̅ and of K=C̅ are almost equal while also in the case of in situ


measurements JC̅ is systematically lower than K=C.̅ This is the consequence of release effects
observed in the measured curves. Indeed, as has been observed, the residence time distributions
are similar to Gaussian behavior. In the case of in situ measurements, these are asymmetric
Gaussian because of the release effect. This reflects a bad representation of such phenomena in
the numerical model. To be better simulated this phenomenon would require a higher mesh
resolution near the banks in order to describe tracer deposition or trapping due to recirculation.
It would also require a high spatial resolution of river edge and bathymetry data to describe
areas where tracer release occurs.

Comparison between real pollution event, DISPERSO and RIPOST models
On 21 February 1991, a leak of nitrogen fertilizers liquids (NH4) took place on the Marne (a
river in the Paris region). Concentration measurements were conducted at Noisy-le-Grand and
all spill parameters collected. On figure 6, are represented NH4 concentration measurement
results confronted with those of simulations made with DISPERSO tools (1D model) and
RIPOST (2D model) , in form of residence time distribution.

Figure 6. Normalized residence time distribution 7686 during a real pollution event (NH4
Mea), compared to models results of the simulated event (Sim).
Even if the amplitudes are similar, the differences may come from the lack of chemical model
in both tools. In rivers, NH4 is not conservative whereas models are supposed to comply with
the conservation of mass. Smaller differences were observed between NH4 measurements and
DISPERSO, but this is probably due to bad mass conservation in the 1D model, the 2D model
of RIPOST being conservative.
Table 2. Specific times ,̅ )= , J , K= and L= normalized by the hydraulic time calculated
from the numerical model
NH4 RIPOST DISPERSO
̅ E
0.84
0.82
0.87
⁄
0.79
0.83
)= ⁄E 0.81
0.81
0.86
J ⁄E 0.84
0.82
0.87
K= ⁄E 0.84
0.89
0.95
L= ⁄E 0.93
In table 2, specific times are normalized by the hydraulic time calculated E 149 714 s from
the numerical model. All the normalized times are all of the same order. However, DISPERSO
model times are slightly closer to measurement ones than RIPOST model ones.
CONCLUSION AND PERSPECTIVES
The aim of this study was to build 2D river model in order to propose an alternative to 1D
model and to anticipate the dispersion of pollutants along a river. The example chosen to
explain the methodology used to build a fast and reliable model is a portion of the Seine, one of
the biggest rivers in France. 78 km were modelled and confronted to real case results. Results
on the Marne were also compared to real case pollution and DISPERSO model.
Using a process engineering method, the result analysis has shown that 2D modeling simulated
correctly the behavior of pollutant dispersion. However, as the model is mass conservative, it
can't well describe the tracer release effects. To improve the model, there should be more

accurate bathymetry data, but also refine the meshing method to best represent the banks and
possible recirculation zones.
For all the modelled rivers, the CPU time does not exceed 5% of the simulated real time, i.e.
about 1h of processing for 24 hours of real time. The tool is thus relevant for crisis management
and communication.
Using 2D modelling enables to take into account specific pollutants, such as hydrocarbons
(Goeury et al. [11]) which are involved in more than 50 % of the spills in rivers. Other
implementation can be made as a water quality one, which is very useful for drinking water
plants managers.
In the current version of RIPOST tool, the operator must provide the pollution details and his
early warning stations cannot feed the model. Hence, a system coupling such tools and in situ
sensors (turbidity, water conductivity and other relevant water quality parameters) is envisaged.
It would be able to run a simulation in case of anomaly detection by the sensors and warn the
operators about the consequences, if any.
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